Objective The visceral fat area (VFA) was measured, and the relationships between the VFA and the body mass index (BMI), waist circumference, blood pressure, and indices of lipid and sugar metabolism were evaluated. Methods The subjects included 607 consecutive patients who underwent VFA examinations using computed tomography (CT) scans. In addition to the routine examination parameters, the levels of adiponectin and homeostasis model assessment as an index of insulin resistance (HOMA-IR) were measured in all subjects, and the levels of malondialdehyde-modified low-density lipoprotein (MDA-LDL), remnant-like particles (RLP), lipoprotein (a) (Lp(a)), apolipoprotein (Apo) AI, ApoB and ApoE were measured in 270 subjects. Results In both men and women, the VFA showed significant positive correlations with the age, BMI, waist circumference, subcutaneous fat area, visceral fat area/subcutaneous fat area (v/s) ratio, systolic blood pressure, diastolic blood pressure, the fasting blood sugar (FBS), the hemoglobin A1c (HbA1c), high-density lipoprotein cholesterol (HDLC), triglyceride (TG), uric acid, HOMA-IR and ApoB and the ApoB/LDLC ratio and significant negative correlations with the levels of HDLC and adiponectin. The levels of the total cholesterol (TC), low-density lipoprotein cholesterol (LDLC), non-HDLC, MDA-LDL and Lp(a) and the ApoB/ ApoAI ratio were not correlated with the VFA in either men or women. The RLP exhibited a significant positive correlation with the VFA in women. Conclusion The VFA exhibited high positive correlations with the waist circumference, blood pressure and TG level and a negative correlation with the HDLC level, regardless of gender, supporting the validity of the present diagnostic method for evaluating metabolic syndrome (MS). Although the LDLC level is not included in the diagnostic criteria for MS, the positive correlations between the VFA and the ApoB level and ApoB/ LDLC ratio observed in both men and women indicate qualitative abnormalities of lipoproteins, such as an increase in the amount of small dense LDL. Measuring the levels of apolipoproteins in addition to lipoproteins during health screening is therefore useful for evaluating of atherogenicity.
Introduction
Metabolic syndrome (MS) is believed to underlie atherosclerotic diseases. It has also been reported that the concurrence of insulin resistance, abnormal glucose tolerance, abnormal lipoprotein levels and hypertension is essential for the development of MS and that the accumulation of visceral fat underlies all of these conditions. However, the vague basis of the diagnostic criteria (1) (2) (3) and reference values for MS has been raised as a problem (4) . In this study, we evaluated the relationships between the visceral fat area and the body mass index (BMI), waist circumference, blood pressure, and indices of lipid and sugar metabolism in patients who voluntarily underwent measurement of the visceral fat area using computed tomography (CT) scans during a complete health screening (ningen dock). 
Materials and Methods

Subjects
The subjects included 607 consecutive individuals (385 men and 222 women) who underwent visceral fat examinations using CT scans for the first time on complete health screenings (ningen dock) performed during the three years and nine months between February, 2008 and October, 2011 at Tokai University Hospital, Health Screening Center.
Methods
Blood tests were performed by collecting blood samples after a fast of 12 hours or longer. In addition to routine examinations of health screening, the levels of adiponectin and homeostasis model assessment as an index of insulin resistance (HOMA-IR) were measured in all subjects. In 270 (162 men and 108 women) of these subjects, the levels of malondialdehyde-modified low-density lipoprotein (MDA-LDL), remnant-like particles (RLP), lipoprotein (a) (Lp(a)), apolipoprotein AI (ApoAI), apolipoprotein B (ApoB) and apolipoprotein E (ApoE) were also measured. The adiponectin level was measured using latex immunoturbidimetry (5) , and the HOMA-IR was calculated as the fasting blood insulin level (μU/mL)×fasting blood sugar level (mg/ dL)/405. The waist circumference was measured using the method proposed by the Japan Society for the Study of Obesity (6) . Abdominal CT scans were performed at the end of the expiratory phase using a Siemens CT system (SO-MATOM Emotion Duo, Siemens, Munich, Germany). While the slice position of scanning was at the umbilical level, modified measurement levels were employed in subjects with a clearly low umbilical body type. The visceral and subcutaneous fat areas were calculated using FAT Scan Ver.4.0 (7), a PC software program designed by the N2 System Co., Ltd. (Hyogo, Japan) to measure the amount of visceral fat. The MDA-LDL level was measured using ELISA (8), the RLP level was measured using an immunoabsorption method (9) , the Lp(a) level was measured using latex aggregation turbidimetry and the levels of ApoAI, ApoB and ApoE were measured using a turbidimetric immunoassay (10) . The non-high density lipoprotein cholesterol (non-HDLC) level was calculated using the formula TC-HDLC. The presence or absence of hypertension, diabetes, dyslipidemia and smoking and drinking habits were evaluated using medical interview forms.
Statistical analyses
Fundamental statistics were calculated, and the unpaired ttest was employed. Comparisons of the visceral fat area were made by dividing the subjects into four groups based on quartiles and performing the Kruskal-Wallis test. Since various factors were interrelated, a multiple regression analysis was also performed. The level of significance was p <0.05.
This study was carried out with approval by the Institutional Review Board of the Tokai University School of Medicine. Informed consent was obtained from the persons undergoing health screening who were prospective subjects of this study after explaining in writing that the data would be processed in a manner that prohibits the identification of individuals, that the data would not be used for purposes other than scientific research and that there would be no disadvantage should the person refuse to cooperate in the study. Table 1 shows the clinical characteristics of all subjects separately for men and women. Among the men, the mean age was lower, the visceral fat area, BMI, waist circumference, visceral fat area/subcutaneous fat area (v/s) ratio, systolic blood pressure and diastolic blood pressure were higher and the subcutaneous fat area was lower than that observed in the women. Concerning the blood test results, the fasting blood sugar (FBS), triglyceride (TG), uric acid and HOMA-IR levels were significantly higher and the total cholesterol (TC), low-density lipoprotein cholesterol (LDLC), highdensity lipoprotein cholesterol (HDLC) and adiponectin levels were significantly lower in the men than in the women; however, no differences were noted in the hemoglobin A1c (HbA1c) (NGSP: National Glycohemoglobin Standardization Program) or non-HDLC levels. Regular smoking and drinking were observed more frequently in the men than in the women; however, no differences were noted in the prevalance of hypertension, diabetes or dyslipidemia between the men and women. Among the 270 subjects (162 men and 108 women) who underwent measurement of the levels of MDA-LDL, RLP, Lp(a), ApoAI, ApoB and ApoE as optional items, the RLP level, the ApoB/ApoAI ratio and the ApoB/LDLC ratio were significantly higher and the Lp(a) and ApoAI levels were significantly lower in the men than in the women; however, no differences were noted in the MDA-LDL, ApoB and ApoE levels. 2 or greater (96 subjects). The visceral fat area exhibited significant positive correlations with the age, BMI, waist circumference, subcutaneous fat area, v/s ratio, systolic blood pressure, diastolic blood pressure, the levels of FBS, HbA1c, TG, uric acid, HOMA-IR and ApoB and the ApoB/LDLC ratio and negative correlations with the levels of HDLC and adiponectin. The visceral fat area demonstrated no significant differences based on the TC, LDLC, (Table 3 ). The visceral fat area exhibited significant positive correlations with the age, BMI, waist circumference, subcutaneous fat area, v/s ratio, systolic blood pressure, diastolic blood pressure, the levels of FBS, HbA1c, TG, uric acid, HOMA-IR, RLP and ApoB and the ApoB/LDLC ratio and significant negative correlations with the HDLC and adiponectin levels; however, no correlations were observed with the TC, LDLC, non-HDLC, MDA-LDL, Lp(a) and ApoE levels or the ApoB/ApoAI ratio.
A multiple regression analysis was carried out by examining the correlations among variables and restricting those that were applied. Since various lipid variables exhibited strong multiple correlations with the apolipoprotein variables, only apolipoprotein variables were applied instead of all lipid variables. Since the BMI, abdominal circumference and subcutaneous fat area were also closely correlated with one another, only the subcutaneous fat area was applied. Only the systolic pressure was applied as a blood pressure variable, and only the HbA1c level was applied as a variable of blood sugar. Table 4 shows the results of the calculations. The subcutaneous fat area and the v/s ratio exhibited strong correlations with the visceral fat area in both the men and women. The visceral fat area was also significantly correlated with the age and the uric acid and adiponectin levels in the men and with the HOMA-IR and ApoAI levels and the presence of diabetes in the women.
Discussion
In a separate evaluation of the men and women, the visceral fat area exhibited significant positive correlations with the age, BMI, waist circumference, subcutaneous fat area, v/ s ratio, systolic blood pressure, diastolic blood pressure, the levels of FBS, HbA1c, TG, uric acid, HOMA-IR and ApoB and the ApoB/LDLC ratio and negative correlations with the HDLC and adiponectin levels in both the men and women. In Japanese individuals, visceral fat accumulation is often observed at milder obesity levels than in Western populations and at a BMI within the reference range (11); however, both the BMI and waist circumference are considered to be excellent indices that reflect visceral fat accumulation. The blood adiponectin concentration was significantly lower in the men than in the women, although it exhibited a strong negative correlation with the visceral fat area in both the men and women, in agreement with the findings of previous reports (5, 12) . The incidence of MS is thought to increase when the blood adiponectin concentration decreases to a level below 4.0 μg/mL (13) . In this study, however, the mean adiponectin level remained relatively high at 6.87± 0.56 μg/mL in the men with a visceral fat area of 151.9 cm 2 or greater and at 9.36±0.80 μg/mL in the women with a visceral fat area of 96.5 cm 2 or greater. The blood pressure increased in association with the visceral fat area, similar to the results of a study of Japanese subjects conducted by Ohnishi et al. (14) . The TG level exhibited a strong positive correlation and the HDLC level exhibited a negative correlation with the visceral fat area in both genders. The RLP level demonstrated a significant positive correlation with the visceral fat area (p=0.006) in the women and a positive correlation, although not significant (p=0.054), in the men. High levels of RLP and ApoB are characteristics of dyslipidemia in patients with metabolic syndrome (15, 16) . In this study, triglyceride-rich lipoprotein remnants appeared more often, and the ApoB/LDLC ratio was elevated in association with an increase in the visceral fat area in both the men and women, suggesting an increase in the amount of small dense LDL. Although the TC and LDLC levels alone were not directly related to the visceral fat area, measuring the levels of apolipoproteins, which allows for the evaluation of qualitative changes in lipoproteins, is useful for health screening. While a high uric acid level is often related to drinking, the uric acid level was significantly correlated with the visceral fat area in both men and women, and this correlation was stronger in women, who are less frequently regular drinkers. One report has indicated that hyperuricemia is related to increased uric acid production in patients with visceral fattype obesity and reduced uric acid excretion in patients with subcutaneous fat-type obesity (17) , and the results of this study also suggest a relationship between obesity and the uric acid level. A high blood RLP level induces atherosclerotic diseases (18) and was also identified to be an independent risk factor of atherosclerosis in women in the Framingham Study (19) . In the present study, the RLP level was higher in men than in women, although it was more strongly correlated with the visceral fat area in women. The levels of non-HDLC, MDA-LDL and Lp(a), which are considered to be atherosclerogenic factors, exhibited no direct correlations with the visceral fat area in men or women. However, the level of ApoB was increased relative to the LDLC concentration in both men and women, which requires attention since there is a possibility of the appearance of atherosclerogenic small dense LDL. In particular, with respect to visceral fat accumulation, conducting a qualitative evaluation is necessary, even when the cholesterol level is low. MDA-LDL is a substance that results from the oxidation of unsaturated fatty acids of LDL and induces atherosclerosis by activating the transformation of macrophages to foam cells (20) . In our study, the visceral fat area exhibited no significant correlations with the MDA-LDL level in either men or women; however, if the level of small dense LDL is increased, these particles are likely to be denatured by oxidation, possibly causing an increase in the production of oxidized LDL (21) . Lp(a) is an atherosclerogenic lipoprotein that has been confirmed to be deposited in atherosclerotic foci and is involved in thrombus formation. The concentration of Lp(a) is genetically determined (22) , exhibits gender differences, being high in postmenopausal women, and its effects may diminish with age (23) . While no relationships between the Lp(a) level and the visceral fat area were noted in this study, it is necessary to regard a high Lp (a) level as an independent risk factor of atherosclerogenesis along with a high MDA-LDL level (24) . According to the results of a multiple regression analysis, the visceral fat area exhibits strong correlations with the subcutaneous fat area and v/s ratio, although, among non-CT markers, the waist circumference and BMI are good indices for estimating the visceral fat area. The severity of MS is suggested to be in-creased in association with an older age, a high uric acid level and a low adiponectin level in men and with diabetes, a high HOMA-IR level and a low ApoAI level in women, in addition to the above indices.
Conclusion
The visceral fat area measured on CT exhibits positive correlations with the waist circumference, blood pressure and the TG level and a negative correlation with the HDLC level in both men and women, supporting the validity of the present diagnostic method for assessing MS. While the LDLC level is not included in the diagnostic criteria for MS, qualitative abnormalities in the levels of lipoproteins, such as an increase in the amount of small dense LDL, are suggested by the positive correlations between the visceral fat area and the ApoB level and ApoB/LDLC ratio in both men and women. Therefore, measuring the levels of apolipoproteins in addition to lipoproteins is useful for evaluating atherosclerogenic factors during health screening.
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